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(57) ABSTRACT

A thermally assisted magnetic recording head includes a
magnetic recording element part for writing, a main
waveguide for assistance for receiving light, and a dummy
waveguide component part provided in parallel to the main
waveguide. The dummy waveguide component part includes
a pair ol waveguides having the same shape and dimensions
including a first waveguide and a second waveguide that
receive light from a back end surface opposite to an air bear-
ing surface and guides the light toward the air bearing surface,
and light emitting ends of the first waveguide and the second
waveguide facing towards the air bearing surface have no
shielding material, and are 1n a free condition so that the light
intensity from the light emitting ends can be measured.
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THERMALLY-ASSISTED MAGNETIC
RECORDING HEAD HAVING DUMMY
WAVEGUIDES FOR LIGHT BEAM
ALIGNMENT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a thermally assisted mag-
netic recording head with an optical waveguide for thermal
assistance. In particular, the present mvention relates to a
thermally assisted magnetic recording head with a pair of
dummy optical waveguides for alignment in order to align
with a light source with high precision, and a primary optical
waveguide for thermal assistance.

2. Description of the Background Technology

In the field of magnetic recording using a head and a
medium, further improvements have been demanded 1n per-
formance of thin film magnetic heads and magnetic recording
media in view of an increase in recording density ol magnetic
disk devices. For the thin film magnetic heads, composite
type thin film magnetic heads formed by lamination of a
reading magnetoresistive (MR) element and a writing elec-
tromagnetic conversion element are being widely used.

In contrast, the magnetic recording medium 1s a so-called
non-continuous medium, in which magnetic particles are
agoregated. Each magnetic particle has a single magnetic
domain. Here, a single recording bit 1s formed by a plurality
of magnetic particles. Therefore, to increase magnetic den-
sity, the size of the magnetic particles must be reduced, and
asperity at a border of recording bits needs to be minimized.
However, 11 the size of the magnetic particles 1s reduced, there
1s a problem that thermal stability for magnetization of the
magnetic particles 1s lowered as the volume of the magnetic
particles 1s reduced.

To address this problem, increasing magnetic anisotropic
energy Ku of magnetic particles may be considered. How-
ever, this increase 1n Ku causes an increase 1 anisotropic
magnetic field (coercive force) of the magnetic recording
medium. On the other hand, the upper limit of the writing
magnetic field mtensity for the thin film magnetic head 1s
determined substantially by a saturation magnetic flux den-
sity of a soft magnetic material forming a magnetic core in the
head. As a result, when the amisotropic magnetic field of the
magnetic recording medium exceeds an acceptable value
determined from the upper value of the writing magnetic field
intensity, writing becomes impossible. Currently, as amethod
to solve such a problem of thermal stability, a so-called ther-
mally-assisted magnetic recording method has been pro-
posed, which uses a magnetic material with a large Ku, which
also performs the writing by heating the magnetic recording
medium 1immediately before applying the writing magnetic
field to reduce the anisotropic magnetic field.

For this thermally assisted magnetic recording method, a
method that uses a near-field probe, a so-called plasmon
antenna, 1s known. The near-field probe 1s a piece of metal
that generates near-field light from a plasmon excited by
irradiated laser light. For example, a plasmon-generator that
includes a metal scatterer having a shape of a cone or the like
formed on a substrate 1s disclosed 1n U.S. Pat. No. 6,768,556.

In addition, a configuration 1s disclosed i U.S. Patent
Publication No. 2004/081031 A1, 1n which a plasmon-gen-
erator 1s formed at a position to contact the main pole of a
perpendicular magnetic recording head so that an irradiated
surface of the plasmon-generator 1s perpendicular to the mag-
netic recording medium. Moreover, U.S. Patent Publication

No. 2003/066944 A1 discloses a technology, 1n which 1rra-
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diation of stronger near-field light onto the magnetic record-
ing medium 1s attempted by preferentially positioning the

front end of a plasmon antenna close to the magnetic record-
ing medium.

The 1nventors of the present application have considered
the potentiality of the magnetic recording by irradiation of the
near-field light to be a breaking point and have been devel-
oping more improved thermally-assisted magnetic recording
heads.

For performing thermally assisted recording by the irradia-
tion of the near-field light with a magnetic recording head, 1t
1s necessary to integrate a laser light generating device, which
1s a light emitting element that 1s a light source, 1n the mag-
netic recording head, to take in laser light emitted from the
laser light generating device into an optical waveguide, and to
guide the laser light to a plasmon antenna located near a
position facing the magnetic recording medium.

A method of forming a light source unit with a light source
on a light source supporting substrate separate from a slider
which 1s then overlaid and fastened to a surface on a side
opposite to an air bearing surface (ABS) of a slider can
produce a thermally assisted magnetic head with favorable
yield because the slider with the magnetic head part and the
light source unit are independently tested and then a proper
slider and light source unit are fastened together. Further-
more, 1n this case, the light source can be provided at a
location away from the ABS and in proximity to the slider.
Theretfore, there are merits that the light propagation eifi-
ciency 1s favorable and the configuration of the entire device
1s stmplified.

However, precise alignment of the light source and the
waveguide when fastening the slider and the light source unit
1s not easy. Poor alignment precision leads to lower heating
elficiency of the medium and major problems occur when
performing thermally assisted magnetic recording.

In order to resolve these problems, means for enhancing
alignment precision between the light source and the
waveguide 1s disclosed in US Patent Publication 2008/
0055784 (JP Unexamined Patent Application 2008-059694).
Therein, means 1s proposed where a first waveguide and a
second waveguide are provided at a prescribed interval, and a
first alignment process 1s performed using the second
waveguide so as to maximize light intensity. Next, after the
first alignment process, a second alignment process 1s per-
formed where the light source unit 1s moved 1n a predeter-
mined direction and distance based on the positional relation-
ship between the second waveguide and the first waveguide.

The atorementioned proposal i1s based on an extremely
excellent concept; however, precisely aligning the light
source and the waveguide so as to maximize the light intensity
using one waveguide 1n the first alignment process 1s an
operation that requires time, and determining the alignment
precision 1s difficult.

The present invention further improves on the aforemen-
tioned proposed technology, and provides a head structure
that allows simple and higher precision alignment between
the light source and the waveguide when fastening the shider
and the light source unat.

SUMMARY OF THE INVENTION

In order to solve the above drawbacks, a thermally assisted
magnetic recording head of the present invention includes: a
slider with an air bearing surface; and a light source unit
comprising a light source formed on a light source supporting
substrate:; wherein the slider includes a slider substrate and a
magnetic head part formed on a side surface position of the air
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bearing surface of the slider substrate; the magnetic head part
includes a magnetic recording element part that generates a
magnetic field for writing, a main waveguide for assistance
for recerving light from a back end surface located on a side
opposite to the air bearing surface and guiding the light in the
direction of the air bearing surface, and a dummy waveguide
component part provided 1n parallel to the main waveguide
for assistance 1 order to align the light source and the
waveguide; and the dummy waveguide component part
includes a pair of waveguides having the same shape and
dimensions including a first waveguide and a second
waveguide that receive light from the back end surface posi-
tioned on the side opposite to the air bearing surface and
guides the light toward the direction of the air bearing surface,
wherein light emitting ends of the first waveguide and the
second waveguide facing towards the air bearing surface have
no shielding material, and are 1n a free condition so that the
light intensity from the light emitting ends can be measured,
the light generated by the light source of the light source unit
1s introduced respectively from back end part sides of the first
waveguide and the second waveguide, and the light source
can be temporarily aligned to a center position of an interval
between the first waveguide and the second waveguide so that
the intensity of the light emitted from the light emitting ends
of the first waveguide and the second waveguide 1n the direc-
tion of the air bearing surface becomes the same.

In a preferred embodiment of the thermally assisted mag-
netic recording head of the present invention, the main
waveguide for assistance 1s formed at a preset distance from
the center position of the interval between the first waveguide
and the second waveguide, and the light source 1s moved to
the position of the main waveguide for assistance that 1s
placed at a fixed distance so that the light source and the main
waveguide for assistance can be aligned.

In another preferred embodiment of the thermally assisted
magnetic recording head of the present invention, the interval
distance D1 between the first waveguide and the second
waveguide which are component members of the dummy
waveguide component part 1s from 0.4 to 2.0 um.

In another preferred embodiment of the thermally assisted
magnetic recording head of the present invention, the width
W1 of the back end surface that receives the light of the first
waveguide and the second waveguide that are component
members of the dummy waveguide component part 1s from
0.4 to 6.0 um, and the width W2 of the light emitting end 1n the
opposite direction 1s from 0.3 to 1.5 um.

In another preferred embodiment of the thermally assisted
magnetic recording head of the present invention, the distance
D2 from the back end surface that receives the light of the first
waveguide and the second waveguide that are component
members of the dummy waveguide component part 1s from
0.1 to 4.0 um.

A head gimbal assembly of the present invention includes;
the thermally assisted magnetic recording head described
above, and a suspension that elastically supports the slider.

A hard disk device of the present invention includes the
thermally assisted magnetic recording head according to
claim 1, and an alignment device that supports the slider and
aligns with regards to the recording medium.

In a method of aligning the light source and the main
waveguide for assistance 1n the thermally assisted magnetic
recording head described above, the method 1ncludes: intro-
ducing the light generated by the light source of the light
source unit respectively from the back end part sides of the
first waveguide and the second waveguide that are formed 1n
the dummy waveguide component part, and temporarily
aligning the light source to a center position of the interval
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between the first waveguide and the second waveguide so that
the intensity of the light emitted from the light emitting ends
in the direction of the air bearing surface of the first
waveguide and the second waveguide become the same, and
then moving the light source by sliding from the center posi-
tion of the interval between the first waveguide and the second
waveguide towards the track width direction to the center
position of the main waveguide for assistance that 1s formed

at a preset separating distance S, and then aligning the light
source and the main waveguide for assistance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view schematically illustrating a
hard disk device (magnetic recording device) and a configu-
ration ol the main parts of a head gimbal assembly (HGA)
according to one embodiment.

FIG. 2 1s a perspective view schematically illustrating a
configuration of a main part of a thermally assisted magnetic
recording head according to the present invention.

FIG. 3 1s a cross-sectional view at plane A-A as viewed 1n
the direction of the arrows 1n FIG. 2, schematically illustrat-
ing a configuration of the main part of the thermally assisted
magnetic recording head.

FIG. 4 1s a plan view of the ABS of the thermally assisted
magnetic recording head of the present invention, 1llustrating
only the main parts requiring description.

FIG. 5 1s a perspective view extracting and 1llustrating a
configuration of a light source of the thermally assisted mag-
netic recording head of the present invention, and a main
waveguide for assistance and a dummy waveguide compo-
nent part, in particular.

FIG. 6 1s a plan view extracting and illustrating a configu-
ration of the main waveguide for assistance and the dummy
waveguide component part of the thermally assisted magnetic
head of the present invention.

FIG. 7A through FIG. 7C are plan views illustrating vari-
ous relationships between the dummy waveguide component
part and the light source in order to describe the function of a
first alignment that temporarily aligns the light source 1n a
center position of an interval between a first waveguide and a
second waveguide.

FIG. 8 15 a perspective view of another configuration of a
head structure, schematically illustrating a configuration
including a main waveguide for assistance, a plasmon-gen-
erator, and a main pole layer.

FIG. 9 corresponds to FIG. 8 with a plasmon-generator of
another configuration, and 1s a perspective view schemati-
cally 1llustrating a configuration including the main
waveguide for assistance, the plasmon-generator, and the
main pole layer.

FIG. 10 corresponds to F1G. 9 with a plasmon-generator of
another configuration and 1s a plan view that illustrates shapes
of end surfaces of the plasmon-generator and an electromag-
netic conversion element on the head part end surface.

FIG. 11 1s a graph illustrating the relationship between
optical power efficiency (%) and offset (units: um) of the light
source Irom the center position in the waveguide width direc-
tion (Y direction).

DETAILED DESCRIPTION OF THE INVENTION

A configuration for implementing the present invention 1s
described below 1n detail while referring to the attached draw-
ngs.

Betore describing the thermally assisted magnetic record-
ing head, terminologies used in the present specification are
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defined. With the multilayer structure and element structure
formed on an element formation surface of a slider substrate
in the magnetic recording head, the substrate side 1s a “lower
side,” and the opposite side 1s an “upper side,” as seen from a
reference layer or element. Moreover, in embodiments of the
magnetic head, “X,Y and Z directions” are provided in some
drawings as necessary. The Z axis direction corresponds to
the alorementioned upper-lower direction. The +Z7 side cor-
responds to the trailing side, and the -7 side corresponds to
the reading side. The'Y axis direction corresponds to the track
width direction, and the X axis direction corresponds to the
height direction (depth direction). Further, 1n the description
of the magnetic recording head, “side surfaces™ of the
waveguide provided 1in the magnetic recording head indicate
end surfaces other than the end surfaces that are perpendicular
to the propagation direction (—X direction) of the light that
propagates through the waveguide from all end surfaces sur-
rounding the waveguide. Therefore, the “upper surface” or
the “lower surface™ of the waveguide in the description of the
magnetic recording head 1s also considered to be one “side
surtace.” The “side surface” 1s the surface 1n which the light
that propagates through the waveguide, which corresponds to
the core, 1s totally reflected.

In the drawings, i1dentical elements are identified using
identical reference numbers.

Furthermore, the dimensional ratios inside component ele-
ments and between component elements 1n the drawings are
arbitrary and are not illustrated to an accurate scale, for ease
of viewing the drawings.

In FIG. 1, the configuration of the main parts of one
embodiment of the hard disk device and the head gimbal
assembly (HGA) of the present invention 1s schematically
illustrated as a perspective view.

(Description of Hard Disk Device Configuration)

In FIG. 1, the hard disk device includes a plurality of
magnetic disks 10 which are magnetic recording media, that
rotate around a rotational shaft of a spindle motor 11, an
assembly carriage device 12 for positioning a thermally
assisted magnetic head 21 on a track, and a recording/repro-
ducing and a light emission control circuit (control circuit) 13
tor controlling the reading and writing operation of the ther-
mally assisted magnetic head 21 and controlling a laser diode
that 1s a light source that generates laser light for thermally
assisted magnetic recording as described below 1n detail.

A plurality of drive arms 14 are provided 1n the assembly
carriage device 12, and these drive arms 14 are configured to
be able to rock around a pivot bearing shait 16 by a voice coil
motor (VCM) 15. A leading edge part of the drive arm 14 1s
attached to a head gimbal assembly 17 (hereinatter referred to
as “HGA 177). Furthermore, a thermally assisted magnetic
head 21 1s provided on each HGA 17 so as to face the surface
of each of the magnetic disks 10 (also referred to as “magnetic
recording medium’™).

The surface facing the surface of the magnetic disk 10 1s an
ABS of the thermally assisted magnetic head 21. Note, the
number of the magnetic disk 10, the drive arm 14, the HGA 17
and the thermally-assisted magnetic head 21 may be singular.

(Description of HGA Configuration)

As illustrated 1n the expanded view at the bottom of FIG. 1,
the HGA 17 has a thermally assisted magnetic head 21 on a
leading edge part of a suspension 20, and 1s configured such
that one end of a wiring member 203 1s electrically connected
to a terminal electrode of the thermally assisted magnetic
head 21.

The suspension 20 1s configured with a load beam 200, an
clastic tlexure 201 attached and supported on the load beam
200, abase plate 202 provided on a base of the load beam 200,
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and a wiring member 203 on the flexure 201 made from a lead
conductor and connection pads that are electrically connected
on both ends thereof.

The wiring member 1s configured for example with a pair
ol electrode pads for a recording signal, a pair of electrode
pads for a reading signal, and a pair of electrode pads for
driving a light source, and the like.

Note, the structure of the suspension in the aforementioned
HGA 17 of the present invention 1s a preferred example, but
there 1s no restriction to this structure.

(Description of Configuration of Thermally Assisted Mag-
netic Head)

As 1llustrated 1n FIG. 2 and FIG. 3, the thermally assisted

magnetic head 21 1s configured with a slider 22 and a light
source unit 23 bonded to the slider 22.

The light source unit 23 1s configured with a light source
supporting substrate 230 and a laser diode 40, which 1s a light
source for thermally assisted recording, formed on the sub-
strate 230.

The slider 22 has a slider substrate 220 and a magnetic head
part 32 formed on a side surface position of the ABS of the
slider substrate 220.

With regards to the bond between the slider 22 and the light
source unit 23, a back surface 2201 of the slider substrate 220
and a joining surface 2300 of the light source supporting
substrate 230 are attached together by bonding both surfaces
together 1n a surface contact condition. Note, the back surface
2201 of the slider substrate 220 1s located on the surface of the
slider 22 on the side opposite to the ABS, and using the
condition of FIG. 1 as a reference, a bottom surface 2301 of
the light source supporting substrate 230 1s joined to the
flexure 201 of FIG. 1.

The slider 22 has a slider substrate 220 and a magnetic head
part 32 formed on the slider substrate. Reading and writing of
data signals to the magnetic disk 1s performed by the magnetic
head part 32.

The slider substrate 220 has a plate-like configuration and
has an ABS that 1s processed so as to attain a suitable flying
height. The slider substrate 220 1s formed for example from
conductive ALTIC (Al,O,—TiC).

The magnetic head part 32 1s formed on a collecting surface
2202 which 1s a side surface essentially perpendicular to the
ABS of the slider substrate 220.

The magnetic head part 32 has a magnetoresistive (MR)
clement part 33 as a magnetic detecting element that reads
magnetic information, a magnetic recording element part 34
that writes magnetic information by creating a magnetic field,
a main waveguide 35 for assistance formed 1n proximity to a
pole for writing of the magnetic recording element part 34 as
a planar waveguide that guides laser light for thermally
assisted recording, and a dummy waveguide component part
50 with a pair of dummy waveguides 51 and 52 provided at
positions separated 1n the track width direction from the main
waveguide 33 for assistance.

The configuration of the main waveguide 35 for assistance
and the dummy waveguide component part S0 1s a main part
ol the present invention, and 1s described later.

Furthermore, a plasmon-generator 36 that generates near-
field light 1n order to heat the recording layer part of a mag-
netic disk 1s formed near the ABS of the main waveguide 35
as schematically 1llustrated 1n FI1G. 3. Furthermore, an 1nsu-
lation layer 38 1s formed on the collecting surface 2202 so as
to cover the MR element part 33 for recording/reproducing,
the magnetic recording element part 34 for magnetic record-
ing, the main waveguide 335 for assistance, the dummy
waveguide component part 50 and the like.
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Although not illustrated 1n the drawings, a pair of electrode
pads for signal terminals that are connected to the MR ele-
ment part 33, a pair of electrode pads for signal terminals that
are connected to the magnetic recording element part 34, an
clectrode pad for grounding that 1s electrically connected to
the slider substrate and the like are formed on the surface of
the 1mnsulation layer 38.

Asillustrated 1n FIG. 3, the end surfaces of the MR element
part 33, the magnetic recording element part 34, and the
plasmon-generator 36 are exposed to the ABS. Note, the end
surfaces of the pair of waveguides 51 and 52 that compose the
dummy waveguide component part 50 that will be discussed
later are also exposed to the ABS. This 1s so that the light
source can be aligned temporarily at the center position of the
interval between the pair of waveguides 31 and 52 by com-
paring the ratios for the light amount of the spots coming from
the end surfaces (first alignment).

As 1llustrated in FIG. 3, the MR element part 33 whichis a
reproduction element has a configuration that includes an MR
clement main body 332, and a lower shield layer 330 and an

upper shield layer 334 that sandwich the MR element main
body 332.

The lower shield layer 330 and the upper shield layer 334
are made of a magnetic material such as NiFe, CoFeNi, CokFe,
FeN, or FeZrN or the like with a thickness of approximately
0.5 to 3 um formed by a pattern plating method or the like that
includes a frame plating method for example.

The MR element main body 332 includes magnetoresistive
cifect films such as a current in plane (CIP)-giant magneto
resistance (GMR) multilayer film, current perpendicular to
plane (CPP)-GMR multilayer film, and tunnel magneto resis-
tance (I'MR) multilayer film, and can perceive signal mag-
netic fields from a magnetic disk with extremely high sensi-
tivity.

In the example of FIG. 3, an inter-element shield layer 148
made from the same material as the lower shield layer 330 1s
formed between the MR element part 33 and the main
waveguide 35 for assistance. The inter-element shield 148
shields the MR element part 33 from magnetic fields gener-
ated by the magnetic recording element part 34 and plays a
role in preventing noise from the outside during reading.

Note, reference number 38 represents an insulation layer
38 formed of alumina or the like for example. The part that 1s
formed around the outside of the waveguide acts as so-called
cladding.

The magnetic recording element part 34 1s preferably for
perpendicular magnetic recording, and as 1llustrated 1n FIG.
3, includes a main pole layer 340, a gap layer 341a, a coil
insulation layer 3415, a coil layer 342, and an auxiliary pole
layer 344.

The main pole layer 340 1s a magnetic path for converging
while guiding the magnetic flux induced by the coil layer 342
to the recording layer of the magnetic disk (medium) for
writing.

Asillustrated in FI1G. 3, the end part on the ABS side of the
auxiliary pole layer 344 forms a trailing shield part where the
layer cross-section 1s broader than the other parts of the aux-
liary pole layer 344.

The gap layer 3414 1s formed of an mnsulation material so as
to separate the main pole layer 340 and the auxiliary pole
layer 344.

The coil layer 342 1s made of copper or the like for
example. The back end of the main pole layer 340 and the part
of the auxiliary pole layer 344 that 1s away {rom the ABS are
coupled, and the coupled part 1s formed so as to be enclosed
by the coil layer 342.
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The coil insulation layer 3415 separates the coil layer 342
and the auxiliary pole layer 344, and 1s made of an electrical
insulation material such as a thermoset resist layer for
example.

As 1llustrated 1n FIG. 3, the main waveguide 35 for assis-
tance as a coniiguration in the shape of a flat plate with a
rectangular cross-section, or in other words as a flat
waveguide, extends parallel to the collecting surface 2202
between the MR element part 33 and the magnetic recording
clement part 34, and extends from the ABS of the magnetic
head part 32 to a surface 32a on the side opposite to the ABS
of the magnetic head part 32.

The main waveguide 35 for assistance 1s formed as a flat
waveguide formed perpendicular to the ABS. An mnsulation
layer 38 that functions as cladding for the waveguide 35 and
has smaller refractive index than the main waveguide 35 for
assistance 1s formed on the periphery of the main waveguide
35 for assistance.

As 1llustrated 1n FIG. 3, the main waveguide 35 for assis-
tance can guide light incident from an entering surface 351 to
the exiting surface 352 which 1s the end surface near the ABS
while the light propagates through the waveguide 35.

The width of the main waveguide 35 for assistance 1n the
track width direction can be from 1 to 200 um for example,
and the thickness can be from 0.2 to 10 um for example. Note,
as described below, the main waveguide 35 for assistance
preferably has a configuration that provides a tapered part that
gradually reduces the width of the waveguide.

The main waveguide 35 for assistance 1s made from a
dielectric material with a refractive index n that 1s higher than
that of the materials that form the insulation layer 38 in any
part as described above. For example, when the mnsulation
layer 38 1s formed of S10, (n=1.5), the main waveguide 35 for
assistance may be formed of Al,O, (n=1.63). Furthermore,
when the msulation layer 38 1s formed of Al,O; (n=1.63), the
main waveguide 35 for assistance may be formed of Ta,Ox
(n=2.08), Nb,O. (n=2.33), TiO (n=2.3 to 2.55), or T10,
(n=2.3 to 2.55). By making the main waveguide 35 for assis-
tance of these materials, propagation loss 1s minimized by the
intrinsic favorable optical properties of the material, and the
near-field light generating efliciency 1s increased.

The plasmon-generator 36 of the present embodiment 1s
illustrated concisely in the example of FIG. 3, but 1s a plate-
like member provided near the center of the exiting surface
352 of the main waveguide 35 for assistance. The plasmon-
generator 36 1s embedded 1n the exiting surface 352 of the

main waveguide 35 for assistance such that the end surface 1s
exposed to the ABS.

The condition of a flat configuration of the plasmon-gen-
erator 36 embedded 1n the exiting surface 352 of the main
waveguide 35 for assistance 1s 1llustrated 1n FIG. 4. Further-
more, the positional relationship of the main waveguide 35
for assistance described below and the pair of waveguides 51
and 52 that configure the dummy waveguide component part
50 1s 1llustrated 1n FIG. 4.

As 1llustrated 1n FIG. 4, for example, the plasmon-genera-
tor 36 has a triangular shape as seen from the ABS, and 1s
fanned of a dielectric material. The plasmon-generator 36 1s
preferably formed of Au, Ag, Al, Cu, Pd, Pt, Rh, or Ir, or an
alloy that combines a plurality of these materials. The height
of the trnangular shape as seen from the ABS 1s suificiently
smaller than the wavelength of the incident laser light, and 1s
preferably from 20 to 400 nm. The width of the bottom edge
of the triangular shape i1s also sufliciently smaller than the
wavelength of the incident laser light, and 1s preferably from

20 to 400 nm.
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When this type of plasmon-generator 36 1s provided on the
exiting surface 353 of the main waveguide 35 for assistance,
an e¢lectric field concentrates near the vertex of the plasma
generator 36, and near-field light 1s generated from the prox-
imity of the vertex toward the magnetic disk 10. As a result,
the magnetic recording layer part of the magnetic disk 10 1s
heated. Accordingly, an anisotropic magnetic field (coercive
force) of that part decreases to a value at which the writing of
data can be performed. Immediately thereaiter, a writing
magnetic field generated from the leading edge of the main
pole layer 340 1s applied to that part to perform writing. By
following these procedures, thermally-assisted magnetic
recording can be performed.

(Configuration Combining Main Waveguide 35 for Assis-
tance and Another Plasmon-Generator 36')

FIG. 8 1s a perspective view schematically illustrating a
configuration including the main waveguide 35 for assis-
tance, an alternate configuration of a plasmon-generator 36',
and the main pole layer 340. In this figure, the head part end
surface 2210, which includes a position that irradiates the
writing magnetic field and the near-field light towards the
magnetic recording medium, 1s positioned on the left side.

As 1llustrated 1n FIG. 8, the main waveguide 35 for assis-
tance 1s provided for propagating laser light 53 for generating,
the near-field light, and the plasmon-generator 36' 1s provided
that includes a propagative edge 360, which 1s an edge where
the surface plasmon excited by the laser light 53 propagates.

In addition, the part sandwiched by a part of a side surtace
of the main waveguide 35 and a part of the lower surface that
includes the propagative edge 360 of the plasmon-generator
36', which faces the part of the side surface, forms a buifer
portion 500. In other words, a part of the propagative edge 360
1s covered by the butler portion 500.

The butfer portion 500 functions to couple the laser light 53
with the plasmon-generator 36' in the surface plasmon mode.
Furthermore, the builer portion 500 may be a part of a passi-
vation layer 38 or may be an additional layer provided sepa-
rately from the passivation layer 38.

The plasmon-generator 36' includes a near-field generating
end surface 36a that extends to the head part end surface
2210. The near-field generating end surface 36a 1s adjacent to
the leading edge part of the main pole layer 340. Furthermore,
the propagative edge 360 extends to the near-field generating
end surface 36a from a part that 1s covered by the bulfer
portion 500, at which the laser light 33 i1s coupled 1n the
surface plasmon mode. The propagative edge 360 functions
to allow the surface plasmon excited by the laser light 33 to
propagate to the near-field generating end surface 36a.

Furthermore, in the plasmon-generator 36', the leading
edge cross-section has a triangular shape along the Y-Z. sur-
face.

The plasmon-generator 36' 1s preferably formed of a con-
ductive material, such as a metal like Pd, Pt, Rh, Ir, Ru, Au,
Ag, Cu or Al, or an alloy made of at least two types of these
clements.

The butfer portion 500 1s formed by a dielectric material
that has a lower refractive index than the refractive index of
the waveguide 35.

The laser light 53 that has advanced to the vicinity of the
butiler portion 500 is optically coupled to the waveguide 35
having a prescribed refractive index, the buifer portion 500
having a prescribed refractive index, and the plasmon-gen-
erator 36' formed by a conductive material such as metal, and
excites a surface plasmon mode on the propagative edge 360
of the plasmon-generator 36'. In other words, the laser light 53
1s coupled to the plasmon-generator 36 1n the surface plasmon
mode.
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In actuality, evanescent light 1s excited in the buifer portion
500 from the optical interfacial state between the waveguide
35, which 1s a core, and the bulfer portion 500. Next, the
surface plasmon mode 1s induced and the surface plasmon 1s
excited by coupling the evanescent light and a fluctuation of
charge excited on the metal surface (propagative edge 360) of
the plasmon-generator 36'.

In the induced surface plasmon mode, the surface plasmon
1s excited on the propagative edge 360 of the plasmon-gen-
erator 36' and propagates on the propagative edge 360 along
the ABS direction.

As the surface plasmon propagates, the surface plasmon, or
in other words, the electric field, 1s concentrated on the near-
field generating end surface 364 that has a vertex that extends
to the head part end surface 2210 and 1s the destination of the
propagative edge 360.

As a result, near-field light 1s generated from the near-field
generating end surface 36a. The near-field light 1s radiated
towards the magnetic recording layer of the magnetic disk 10.
The near-field light reaches the surface of the magnetic disk
10 and heats the magnetic recording layer part of the magnetic
disk 10. Thereby, an anisotropic magnetic field (coercive
force) of that part decreases to a value at which writing can be
performed. Immediately thereafter, a writing magnetic field
generated from the leading edge of the main pole layer 340 1s
applied to that part to perform writing. By following these
procedures, thermally-assisted magnetic recording can be
performed.

Note, the configuration of the plasmon-generator 36' as
illustrated 1n FIG. 8 may be modified to that of a plasmon-
generator 36" as 1llustrated 1n FIG. 9 and FIG. 10.

The plasmon-generator 36", 1llustrated in FIG. 9 and FIG.
10, has the end surface 36a' on the ABS side that has a shape
with a V-shaped cross-section, and the same shape extends in
the X direction. In this case, as illustrated in FI1G. 10, the lower
part of the main pole layer 340 has a configuration in which a
convex part 3400" with a V-shaped cross-section extends 1n
the -7, direction. The plasmon-generator 36" with the
V-shaped cross-section tightly fits on the convex part 3400’
with the V-shaped cross-section. The V-shaped leading edge
ol the plasmon-generator 36" becomes the propagative edge
where the surface plasmon mode 1s induced. In other words,
the laser light 1n the waveguide 33 that has advanced to the
vicinity of the buffer portion i1s coupled with an optical struc-
ture between the bulifer portion 500 and the plasmon-genera-
tor 36" and induces the surface plasmon mode on the propa-
gative edge of the plasmon-generator 36". With the imnduced
surface plasmon mode, surface plasmon 1s excited on the
propagative edge of the plasmon-generator 36" and propa-
gates on the propagative edge 1n the ABS direction (—X direc-
tion). Thereby, near-field light 1s generated from the ABS end
surface of the propagative edge towards the magnetic record-
ing medium.

With such configuration, a near-field light emission ele-
ment on which the light emitting position i1s controlled can be
placed near a pole, and therefore, the distance between the
writing pole and the near-field light emission element can be
reduced.

Note, the configuration of the plasmon-generator 36" 1s not
limited to the configuration illustrated in FI1G. 9 and FIG. 10.
As a varniant example, plate-like bodies can be added as wings
on both sides (Y and -Y directions) respectively on the upper
part of the V-shaped cross-section. Alternatively, the plas-
mon-generator may have a configuration in which the part
near the ABS end surface has a V-shaped cross-section and 1t
expands 1n a boat shape proceeding towards the depth direc-
tion (X direction). In this variant example, naturally the pole
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may be formed to have a convex shape that tightly fits 1n a
concave part of the plasmon-generator.

(Description of Main Parts of the Present Invention)

The magnetic head part 32 with the aforementioned con-
figuration according to the present invention includes a mag-
netic recording element 34 that can generate a magnetic field
for writing, a main waveguide 35 for assistance that receives
light from a back end surface 351 located on the side opposite
to the ABS and guides the light toward the ABS, and a dummy
waveguide component part 30 provided in parallel to the main
waveguide 35 1n order to perform alignment between the light
source and the waveguide.

Furthermore, as illustrated in FIG. 5 and FIG. 6 (particu-
larly in FI1G. 6), the dummy waveguide component part S0 has
a structure that combines a pair of waveguides with the same
shape and dimensions including a first waveguide 51 and a
second waveguide 52 that receive light from back end sur-
faces (511 and 521) located on the side opposite to the ABS
and guides the light 1n the ABS direction.

Light emitting ends 512 and 522 inthe ABS direction of the
first waveguide 51 and the second waveguide 352 have no
shielding material, and are 1n a free condition. Therefore, the
light intensity from the light emitting ends can be measured.

Furthermore, light emitted from the light source 40 of the
light source units (laser diode 40 which 1s a light source)
enters into both waveguides 51 and 52 from each of the back
end part sides (511 and 521) of the first waveguide 51 and the
second waveguide 52. The light source 40 can be temporarily
aligned (first alignment operation) at a central position G, of
an interval between the first waveguide 51 and the second
waveguide 52, so that the intensity of the light emitted from
the light emitting ends 512 and 522 1n the air bearing surface
direction of the first waveguide 51 and the second waveguide
52 become the same.

In other words, by comparing the light intensity of two
spots from the light emitting ends 512 and 3522 using the
waveguides 31 and 52, the position where the intensity 1s the
same can be determined to be the central position G.

The specific operation 1s illustrated 1n FIG. 7A through
FIG. 7C.

FIG. 7A 1s a drawing of a condition where shifting has
occurred between a center position L, of the light source 40
and the central position G, of the interval between the first
waveguide 51 and the second waveguide 52, and the light
source 40 1s moved too far toward the second waveguide 52
side. When the light intensity P1 and P2 of the two spots from
the light emitting ends 512 and 522 are compared, P1<P2, so
it can be determined that the alignment of the central position
G, and the center position L, of the light source 40 1s imper-
tect. Note, the light intensity P1 and P2 of the two spots from
the light emitting ends 312 and 522 are simply and schemati-
cally illustrated in the drawings 1n a range that allows under-
standing, and the peak height 1n the —X direction corresponds
to the light intensity.

FIG. 7B 1s a drawing of a condition where shifting has
occurred between the center position L, of the light source 40
and the central position G, of the interval between the first
waveguide 51 and the second waveguide 52, and the light
source 40 1s moved too far toward the first waveguide 51 side.
When the light intensity P1 and P2 of the two spots from the
light emitting ends 512 and 522 are compared, P1>P2, so 1t
can be determined that the alignment of the central position
G, and the center position L, of the light source 40 1s imper-
fect.

FI1G. 7C 1llustrates the case where the center position L, of
the light source 40 and the central position G of the interval
between the first waveguide 51 and the second waveguide 52
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are aligned, and when the light intensity P1 and P2 of the two
spots from the light emitting ends 512 and 522 are compared,
P1=P2, and therefore 1t can be determined that precise align-
ment of the central position G, and the center position L, of
the light source 40 has been achieved.

As 1llustrated 1n FIG. 6, the central position G, of the
interval between the first waveguide 51 and the second
waveguide 52 1n the dummy waveguide component part 50
that 1s precisely aligned with the light source 40 1s used as a
starting point. The light source 40 1s moved 1n the -Y direc-
tion (corresponding to the track width direction) to a center
line G1 of a position of the main waveguide 35 for assistance
that 1s formed at a location of a predetermined separating
distance S away from the G, position. Thereby, this configu-
ration can align the light source 40 and the main waveguide 35
for assistance (second alignment).

The separating distance S can very precisely and easily be
set beforechand during the steps of a head thin-film process. In
other words, when forming the first waveguide 51 and the
second waveguide 352 1n the dummy waveguide component
part 50 as well as the main waveguide 35 for assistance, the
pattern groups ol the waveguides can be formed at one time
with a single exposure process using photoresist means, and
therefore the separating distance S can very precisely and
casily be achieved.

Furthermore, as illustrated 1in FIG. 2, when moving the
light source 40 in the -Y direction (track width direction) for
example, a piezoelectric actuator may be used to mechani-
cally move the light source 40 until reaching the separating
distance S while the center position 1n the Z direction of the
light source 40 and the center position in the 7 direction
(thickness direction) of the waveguides are aligned.

Confirmation that movement has reached the separating
distance S can be performed by the light leakage from the
waveguides, the writing capability and the like.

In FIG. 6, the specification and the placement configura-
tion of the first waveguide 51 and the second waveguide 52
must be suitably set in order to achieve the operation of
aligning the center position L, of the light source 40 and the
central position GG, of the interval between the first waveguide
51 and the second waveguide 52.

As described above, the first waveguide 51 and the second
waveguide 32 that form a pair as a component member of the
dummy waveguide component part 50 are a combination
structure of waveguides with the same shape and dimensions.

Furthermore, an interval distance D1 1n the Y direction
(track width direction) between the first waveguide 51 and the
second waveguide 32 which are component members of the
dummy waveguide component part 30 must be, at least, no
less than A/n_, a relationship between the wavelength A of the
laser diode of the light source 40 used and the refractive index
n_. of the waveguide that forms the cladding.

This 1s 1n order to prevent mutually interfering actions 1n
the first waveguide 51 and the second waveguide 52. Further-
more, the upper limit value of the interval distance D1 1s 2
uM. Therefore, normally D1 1s 1n a range from D1=0.4 to 2.0
uM, and the specification 1s preferably set 1n a range from 0.5

to 1.5 um.
Furthermore, the width W1 of the back end surfaces 511

and 521 that receive the light 1n the first waveguide 51 and the
second waveguide 32 which are component members of the
dummy waveguide component part 50 1s preferably from 0.4
to 6.0 um. The width W2 of the light emitting ends 512 and
522 1n the opposite direction 1s set to be from 0.3 to 1.5 um.

Furthermore, the distance D2 from the back end surfaces
511 and 521 thatrecerve the light of the first waveguide 51 and

the second waveguide 52 to the light source 1s within a range
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of 6 um, and arange 01 0.1 to 4.0 um 1s particularly preferable.
When within this range, the coupling efficiency of the
waveguide and the laser light generated by the light source 40
becomes 30% or higher, which 1s preferable.

Furthermore, as illustrated in FIG. 6, the distance L1 from
the back end surfaces 511 and 521 that receive the light of the
first waveguide 51 and the second waveguide 52 to a tapered
part of the waveguide 1s 1n a range from 0 to 190 um. The
distance L2 of the tapered part 1s in arange from 40 to 230 um.
The distance L3 from the end of the tapered part to the light
emitting ends 512 and 522 1s in a range from 0 to 190 um.

Note, the specification of the main waveguide 35 for assis-
tance and the specification for the first waveguide 51 and the
second waveguide 52 can be the same, but there 1s no restric-
tion to this, and the first waveguide 51 and the second
waveguide 52 can be set within the aforementioned permis-
sible specification range. Note, the first waveguide 51, the
second waveguide 52, and the main waveguide 35 for assis-
tance form a so-called waveguide core, and are made from a
material with a higher refractive index than the cladding that
1s formed around the outside thereof. Examples of the com-
ponent materials can be 1n accordance with the aforemen-
tioned specific examples.

The alignment method of the light source 40 and the main
waveguide 35 for assistance 1n the thermally assisted mag-
netic recording head that has been described above 1s reorga-
nized and described below. In other words, the alignment
method 1nvolves introducing light generated by the light
source 40 of the light source unit from the back end parts 511
and 521 side of the first waveguide 51 and the second
waveguide 52 that form the dummy waveguide component
part 50, and temporarily aligning the light source 40 to a
center position of the interval between the first waveguide and
the second waveguide so that the intensity of the light emitted
from the light emitting ends 512 and 3522 1n the direction of
the ABS of the first waveguide 51 and the second waveguide
52 (line G, of FI1G. 6 (first alignment)). Next, the light source
40 1s moved by sliding from the center position of the interval
between the first waveguide 51 and the second waveguide 52
(lime G, 1n FIG. 6) towards the track width direction (-Y
direction) to the center position (line G, 1n FIG. 6) of the main
waveguide 35 for assistance that 1s formed at a preset sepa-
rating distance S, and then an operation 1s performed to align
the light source 40 and the main waveguide 35 for assistance
(second alignment).

Using this operation, the mnitial first alignment can make a
precise alignment with higher precision than alignment using,
a single waveguide as with the conventional technology, and
therefore the second alignment can be achieved while main-
taining this precision and as a result alignment of the light
source 40 and the main waveguide 35 for assistance can be
performed with very high precision. Furthermore, as illus-
trated in F1G. 2, the back surface 2201 of the slider 22 and the
jo1mng surface 2300 of the light source unit 23 are joined for
example using an adhesive layer of a UV hardening adhesive
or the like.

Note, with regards to the alignment of the light source 40
and the main waveguide 35 for assistance 1n the Z direction,
the beam expansion angle 1s increased 1n the Z direction (the
same direction as the lamination direction of the LLD) by the
properties of the laser diode that 1s used (particularly a mul-
tilayer type end surface light emitting LLD), and therefore a
coupling efficiency distribution 1s achieved, and therefore
there 1s no need to focus on the alignment 1n the Z direction.

The above-described optical waveguide of the present
invention 1s explained in further detail based on a specific
example.
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Experimental Example I

The first waveguide 51 and the second waveguide 52 of the
dummy waveguide component part 30 and the main
waveguide 35 for assistance were formed as illustrated in

FIG. 6.

The three waveguides, namely the first waveguide 51, the
second waveguide 52, and the main waveguide 35 for assis-
tance had the same waveguide shape and the same dimen-
S101S.

Furthermore, when determining the distance D2 between
the light source 40 and the waveguides, the experimental
example that was analyzed using a simulation of the relation-
ship between the coupling efficiency and the distance D2 was
performed using the following procedures.

<Simulation Conditions>

Core material: TaOx (refractive index: 2.08)

Core dimensions:

Wide width core base 511, 521 and 351 (width W1=4 um:;
length L1=80 um)

Tapered part (length L.2=100 um)

Narrow width leading edge core part (Width W2=0.5 um;
length L3=50 um)

Thickness of waveguide (Z direction)=0.4 um

(Note, a spot size converter with a thickness of 0.8 um was
added 1n a multilayered condition to the wide width core base

and the tapered part.)

Cladding material: Al,O, (refractive index: 1.67)

Laser light used: wavelength 810 nm, far field pattern
(FFP) 6,=10.0 deg.

0_=34.4 deg.

The results for the distance D2 between the light source 40
and the waveguides as well as the results for the coupling
elliciency, which were analyzed by simulation are 1llustrated
in the following Table 1. Note, considering the test conditions
and the safety margin, a condition of offset of 400 nm from
the center position in the waveguide width direction (Y direc-
tion) was assumed.

TABL.

L1

1

Distance D2 between the light source
40 and the waveguide (pum)

Coupling
Efficiency (%)

 —

0.734
0.718
0.68
0.58
0.44
0.33
0.26
0.21
0.2

It was determined that D2 must be within 6 um 1n order to
achieve light coupling efficiency of 25% or higher.

Experimental Example 11

The following simulation analysis was performed on the
experimental example for one waveguide (refer to FIG. 6)
with the same waveguide configuration as the first experi-
mental example. In other words, the relationship between the
optical power efficiency (%) and the offset (units: um) of the
light source 40 from the center position 1n the waveguide
width direction (Y direction) was determined.

The results are illustrated 1n the graph of FIG. 11. Note, the
values for d1s 1 um, d 1s 3 um, d 1s 4 um, and d 1s 6 um,
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indicated as parameters, correspond to the distance D1 (um)
between the light source 40 and the waveguide.

From the results 1llustrated 1n the graph of FIG. 11, when
the absolute value of the offset (units: um) 1s 3 um or higher,
the optical power efficiency will be approximately zero and
the light intensity from the light emitting end of the
waveguide cannot be measured. The width W1 of the wide
width core base was 4 um, so the case where the light source
1s that 1s positioned 1 um away from the side surface of the
core base width (corresponding to an ofiset position of 3 um
from the center position of the core substrate width W1) will
be a limit value. When expressed as an interval distance D1
between the first waveguide 51 and the second waveguide 52,
D1=2 um was a limit value. Theretfore, D1 must be smaller
than 2 um. In other words, as described above, a favorable
range 1s 0.4 um<D1<2 um.

Note, the optical power efficiency 1s defined as (propaga-
tive elfliciencyxcoupling efficiency).

The effect of the present mvention 1s apparent from the
alforementioned results. In other words, the thermally assisted
magnetic recording head of the present invention has a mag-
netic recording element part that generates a magnetic field
for writing, a main waveguide for thermally assisted record-
ing that recerves light from the back end surface located on the
side opposite to the ABS and guides the light toward the ABS,
and a dummy waveguide component part for performing
alignment of the light source and the waveguide provided 1n
parallel to the main waveguide for thermally assisted record-
ing; the dummy waveguide component part has a pair of
waveguides with the same shape and dimensions, namely the
first waveguide that recerves light from the back end surface
positioned on the side opposite to the ABS and guides the
light toward the ABS direction and the second waveguide; a
shielding material 1s not provided on the light emitting ends 1n
the ABS of the first waveguide and the second waveguide and
thus the configuration 1s 1n a free condition that allows for
measurement of the light intensity from the light emitting,
end; and the main waveguide for thermally assisted recording
1s formed at a preset distance from a center position of the
interval between the first waveguide and the second
waveguide, and the alignment between the light source and
the main waveguide for thermally assisted recording can be
performed by moving the light source to the position of the
main waveguide for thermally assisted recording that 1s
placed at a fixed distance, and therefore the alignment of the
main waveguide can easily be performed with higher preci-
S1011.

What 1s claimed 1s:

1. A thermally assisted magnetic recording head, compris-
ng:

a slider with an air bearing surface; and

a light source unit comprising a light source formed on a

light source supporting substrate; wherein

the slider includes a slider substrate and a magnetic head

part formed on a side surface position of the air bearing
surface of the slider substrate;

the magnetic head part includes a magnetic recording ele-

ment part that generates a magnetic field for writing, a
main waveguide for assistance for receiving light from a
back end surface located on a side opposite to the air
bearing surface and guiding the light in the direction of
the air bearing surface, and a dummy waveguide com-
ponent part provided 1n parallel to the main waveguide
for assistance 1n order to align the light source and the
waveguide; and

the dummy waveguide component part includes a pair of

waveguides having the same shape and dimensions
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including a first waveguide and a second waveguide that
receive light from the back end surface positioned on the
side opposite to the air bearing surface and guides the
light toward the direction of the air bearing surface,
wherein light emitting ends of the first waveguide and
the second waveguide facing towards the air bearing
surface have no shielding material, and are 1n a free
condition so that the light intensity from the light emat-
ting ends can be measured, the light generated by the
light source of the light source unit 1s introduced respec-
tively from back end part sides of the first waveguide and
the second waveguide, and the light source can be tem-
porarily aligned to a center position of an interval
between the first waveguide and the second waveguide
so that the intensity of the light emitted from the light
emitting ends of the first waveguide and the second
waveguide 1n the direction of the air bearing surface
becomes the same.

2. The thermally assisted magnetic recording head accord-
ing to claim 1, wherein

the main waveguide for assistance 1s formed at a preset

distance from the center position of the interval between
the first waveguide and the second waveguide, and the
light source 1s moved to the position of the main
waveguide for assistance that 1s placed at a fixed distance
so that the light source and the main waveguide for
assistance can be aligned.

3. The thermally assisted magnetic recording head accord-
ing to claim 1, wherein

the interval distance D1 between the first waveguide and

the second waveguide which are component members of
the dummy waveguide component part 1s from 0.4 to 2.0
L.

4. The thermally assisted magnetic recording head accord-
ing to claim 1, wherein

the width W1 of the back end surface that receives the light

of the first waveguide and the second waveguide that are
component members of the dummy waveguide compo-
nent part 1s from 0.4 to 6.0 um, and

the width W2 of the light emitting end in the opposite

direction 1s from 0.3 to 1.5 um.

5. The thermally assisted magnetic recording head accord-
ing to claim 1, wherein

the distance D2 from the back end surface that receives the

light of the first waveguide and the second waveguide
that are component members of the dummy waveguide
component part 1s from 0.1 to 4.0 um.

6. A head gimbal assembly, comprising;

the thermally assisted magnetic recording head according

to claim 1, and

a suspension that elastically supports the slider.

7. A hard disk device, comprising:

the thermally assisted magnetic recording head according

to claim 1, and

an alignment device that supports the slider and aligns with

regards to the recording medium.

8. A method of aligning the light source and the main
waveguide for assistance 1n the thermally assisted magnetic
recording head according to claim 1, the method comprising;:

introducing the light generated by the light source of the

light source unit respectively from the back end part
sides of the first waveguide and the second waveguide
that are formed 1n the dummy waveguide component
part, and temporarily aligning the light source to a center
position of the interval between the first waveguide and
the second waveguide so that the intensity of the light
emitted from the light emitting ends 1n the direction of
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the air bearing surface of the first waveguide and the
second waveguide become the same, and then

moving the light source by sliding from the center position
of the mterval between the first waveguide and the sec-
ond waveguide towards the track width direction to the
center position of the main waveguide for assistance that

18

1s formed at a preset separating distance S, and then
aligning the light source and the main waveguide for

assistance.
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